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INTRODUCTION 
Calculating segmental (vertebral level-by-level) torso 
masses in Adolescent Idiopathic Scoliosis (AIS) patients 
allows the gravitational loading on the scoliotic spine during 
relaxed standing to be estimated. This study used supine CT 
scans of AIS patients to measure segmental torso masses 
and explored the joint moments in the coronal plane, 
particularly at the apex of a scoliotic major curve.  
 
METHODS 
Existing low dose CT data from the Paediatric Spine 
Research Group was used to calculate vertebral level-by-
level torso masses and joint moments occurring in the spine 
for a group of 20 female AIS patients with right sided 
thoracic curves.  The mean age was 15.0 ± 2.7 years and all 
curves were classified Lenke Type 1 with a mean Cobb 
angle 52 ± 5.9°. Image processing software, ImageJ (v1.45 
NIH USA) was used to create reformatted coronal plane 
images, reconstruct vertebral level-by-level torso segments 
and subsequently measure the torso volume corresponding 
to each vertebral level. Segment mass was then determined 
by assuming a tissue density of 1.04x103 kg/m3.  Body 
segment masses for the head, neck and arms were taken 
from published anthropometric data [1]. Intervertebral joint 
moments in the coronal plane at each vertebral level were 
found from the position of the centroid of the segment 
masses relative to the joint centres with the segmental body 
mass data.  Since there is some uncertainty in the positions 
of the Instantaneous Axis of Rotation (IAR) for the scoliotic 
spine, it was assumed that the coronal plane IAR was 
located in the centre of the intervertebral disc. Summing the 
joint moment contributions for each segment above the 
required joint, allowed the cumulative joint moments at a 
particular level to be found.  
 
RESULTS AND DISCUSSION 
The magnitude of the torso masses from T1-L5 increased 
inferiorly, with a 150% increase in mean segmental torso 
mass from 0.6kg at T1 to 1.5kg at L5. The magnitudes of the 
calculated coronal plane joint moments during relaxed 
standing were typically 5-7 Nm at the apex of the curve 
(Figure 1), with the highest apex joint torque of 7Nm.   
 
The CT scans were performed in the supine position and 
curve magnitudes are known to be 7-10° smaller than those 
measured in standing, due to the absence of gravity acting 
on the spine [2-5]. Hence, it can be expected that the 
moments produced by gravity in the standing individual will 
be greater than those calculated here. 
 
Figure 1: Reformatted coronal CT image with calculated 
joint moments (right), found by firstly tracing the path of the 
mid-sagittal plane (left) to account for the sagittal curves. 
The scale shows joint moments in Nm and +ve is an 
anticlockwise moment. 
 
CONCLUSIONS 
Coronal plane joint moments as high as 7Nm can occur 
during relaxed standing in scoliosis patients, which may 
help to explain the mechanics of AIS progression. 
Biomechanical modelling of the load and deformation 
occurring in the scoliotic spine and trunk requires accurate 
prediction of body segment parameters. This study provides 
new anthropometric reference data on vertebral level-by-
level torso mass in AIS patients which will be useful for 
biomechanical models of scoliosis progression and 
treatment.  
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